The Amazon rainforest is one of the world's greatest natural wonders and holds great importance and significance for the world's environmental balance. Around 60% of the Amazon rainforest is located in the Brazilian territory. The two biggest states of the Amazon region are Amazonas (the upper Amazon) and Pará (the lower Amazon), which together account for around 73% of the Brazilian Legal Amazon, and are the only states that are serviced by international airports in Brazil's North region. The purpose of this paper is to model and forecast sustainable international tourism demand for the states of Amazonas, Pará, and the aggregate of the two states. Economic progress of the region has been achieved at a cost of destroying large areas of the Amazon rain forest. In this scenario, the tourism industry would seem to have the potential to contribute to sustainable economic development in the North region of Brazil. The paper presents unit root tests for monthly and annual data, estimates alternative time series models and conditional volatility models of the shocks to international tourist arrivals, and provides forecasts for 2006 and 2007. 
Introduction
The Amazon rainforest holds great importance and significance for the world's environmental balance. As an idea of its importance and monumental size, the various rivers that comprise the Amazon basin account for around 20% of the total volume of fresh water that flows into the various oceans of the world. In short, the rivers of the Amazon region form the biggest hydrographic network anywhere on the planet.
Specifically, the Amazon River is by far the world's biggest river in terms of fresh water volume. In addition, the biodiversity in the Amazon region is one of the richest of the world, with a considerable amount of fauna and flora that have been sighted by very few indigenous tribes and scientists. Medical researchers have suggested that the flora in the Amazon region provide a cure in the years ahead for several diseases that afflict humanity.
Rainforests are effectively dense jungles. They are the oldest living ecosystem on Earth, covering about 6% of its surface and accounting for two-thirds of the world's species of animals and plants. The Amazon represents over one-half of the world's remaining rainforests, and comprises the largest and most species-rich tract of tropical rainforest anywhere. There are temperate rainforests, that are found further north or south from Ecuador, and tropical rainforests, that are found along the warm and rainy climate of the Ecuador line. Tropical rainforests are known by their dense vegetation that forms three different layers, containing giant trees with a height of 75 meters or more in the upper layer. The soil of a rainforest is generally very poor due to the lack of sunlight and the high humidity. This combination of lack of sunlight and high humidity makes the soil especially fragile when the forest is destroyed, even entering into a process of desertification in some areas.
to Amazonas from the Pará city of Belem, which is at the mouth of the Amazon River where it flows into the Atlantic Ocean.
The capital of Amazonas state is Manaus, which is at the confluence of the two main tributaries of the Amazon River, where the black water of the Rio Negro and the yellowish brown water of the Rio Solimoes join to form the Amazon River. About 77% of the Amazonas state forest remains intact, primarily due to the creation of the Free Zone of Manaus (Zona Franca de Manaus) by the Brazilian Government in 1967 to implement light industries in the region, mainly electronics and motorcycles. This affirmative action has created job opportunities around Manaus and has contributed to preserve the rainforest from being exploited for (possibly unsustainable) economic activities. There have been significant efforts made by the Federal Government to promote sustainable development in the region in order to preserve the natural resources. The local economy is based on the light industrialization of the Free Zone of Manaus, explorations for petrol and natural gas, fishing, mining, and natural exploration. Several projects have recently been initiated in the region, including technological innovation, biodiversity exploration, sustainable tourism, eco-tourism, and education, all of which have been linked to widespread concerns about sustainable economic development and growth.
The second largest Brazilian state is Pará, which has a total area of 1.2 million square kilometers. Much of the Pará territory is also covered by the Amazon rainforest.
The discovery and extraction of latex from rubber trees was responsible for the development of the state towards the end of the 19 th century and beginning of the 20 th century. With the economic decline of natural latex and its replacement with synthetic rubber, Pará experienced economic stagnation, which was overcome in around 1960s
with the development of commercial agriculture and mineral exploration, mainly iron and gold, in the south of the state.
As it might be expected, economic progress has been achieved at the cost of destroying large areas of the Amazon rainforest. For example, there has been the creation of an industrial zone around the metropolitan region of Belem, the Pará state capital, and illegal extraction of wood from the Amazon forest. More recently, widespread commercial agriculture and the bovine industry have moved toward the southeast of the state, which has led to serious land conflicts and further destruction of the Amazon rainforest.
In this scenario, the tourism industry would seem to have the potential to contribute to sustainable economic development in the North region of Brazil. Activities linked to ecotourism, for instance, would be a rational way of generating employment and income to the region without causing damage to its abundant natural resources.
However, tourism, especially international tourism, is still in its infancy in the Amazon region. In this context, Figure 1 shows the distribution of tourism GDP, as computed for each Brazilian municipal district by Divino et al. (2007) . It is strikingly clear that tourism GDP is heavily concentrated along the Northeast coastline and in the Southeast and South regions of the country. In the North region, very few municipal districts show tourism GDP at the upper level of the distribution, with much of the states of Amazonas and Pará having very low tourism GDP. The sole exception to the low tourism GDP in the upper Amazon rainforest is the Free Zone of Manaus. In general, tourism GDP in the upper Amazon is extremely low, except in some cities and towns along the Amazon River and its various tributaries.
The primary purpose of this paper is to model and forecast sustainable international tourism demand for the Brazilian Amazon. We will analyse international tourist arrivals data for the two major states in the Amazon region, namely Amazonas The structure of the remainder of the paper is as follows. Section 2 discusses the monthly and annual international tourist arrivals to Amazonas, Pará and the total of the two states. Section 3 presents unit root tests for the monthly and annual data to be analysed. Alternative time series models for international tourist arrivals and conditional volatility models are presented in Section 4, and their estimates are given in Section 5.
Forecasts of monthly and annual international tourist arrivals to Amazonas, Pará and the total of the two states for 2006 and 2007 are given in Section 6. Some concluding remarks are given in Section 7.
Data
The data set to be analysed consists of monthly time series data, as well as annual aggregates, relating to international tourist arrivals for the two major states of the At the outset, it should be mentioned that there were nine missing observations for the monthly series of international tourist arrivals for the Amazonas state in 1993.
According to Embratur, the missing monthly data arose from administrative problems at the International Airport of Manaus. In order to obtain a complete and homogeneous series of observations for both Amazonas and Pará, we estimated an ARMA model for the monthly data to December 1992, then forecasted all 12 months of 1993, and used the 3 months in 1993 for which there were observations to calibrate the accuracy of the forecasts. Estimation of several alternative specifications with 12 seasonal dummy variables suggested that the best fitting models were an unrestricted AR(2) model and
AR (12) and 12,557, respectively. As the AR(12) term was only marginally significant at the 1% level, but resulted in a loss of 10 observations, the unrestricted AR(2) model with 12 monthly seasonal dummy variables was used to forecast the monthly international tourist arrivals to the Amazonas state for the 12 months of 1993.
The calculation of missing monthly observations for Amazonas for 1993 leads to the use of generated regressors for purposes of forecasting, with the associated critical issues of generally inefficient estimation and invalid inferences that arise through the use of biased (asymptotic) standard errors in the presence of sampling estimation errors. Pagan (1984 Pagan ( , 1986 , McAleer (1993, 1994) , and McKenzie and McAleer (1997) provide comprehensive discussions of these issues, including the impact of generated regressors on obtaining forecasts and forecast standard errors. for Amazonas, (-400%, 500%) for Pará, and (-140%, 130%) for the total of the two leading states.
On an annual basis for the period 1971-2005, the average number of international tourist arrivals to Amazonas was 13,114, while this number was lower at 10,839 for Pará. From Figure 3 , it is evident that there is no tendency for the growth in the number of international tourist arrivals to increase deterministically over time as the annual growth rates have been close to zero for Amazonas, Pará and the sum of the two states since 1971. The annual growth rates in international tourist arrivals were less volatile than their monthly counterparts, and varied roughly between (-60%, 50%) for Amazonas, (-90%, 90%) for Pará, and (-50%, 50%) for the total of the two leading states.
The numbers of international tourists suggest that international tourism activity has not been encouraged in the Brazilian rainforest. The Brazilian Amazon is one of the richest geographic locations in the world for biodiversity, but the second poorest in Brazil in terms of per capita income. Thus, the development of a sustainable tourism industry should be able to preserve the rainforest and to generate substantial income for the residents of the Amazon rainforest region.
Unit Root Tests
The first step in the modelling strategy was to test the time series for the existence of one or more unit roots. A common criticism of traditional unit root tests, primarily those based on the classic methods of Fuller (1979, 1981) and Phillips and Perron (1988) , is that they suffer from low power and size distortions. However, these shortcomings have been overcome by modifications to the testing procedures, such as the methods proposed by Perron and Ng (1996) , Elliott, Rothenberg and Stock (1996) , and Ng and Perron (2001) .
For example, Elliott, Rothenberg and Stock (1996) demonstrate that OLS detrending is inefficient if the data presents high persistence, and suggest using GLS detrended data, which is efficient. Ng and Perron (2001) show that, in the presence of a strong negative moving average coefficient, the unit root estimate is strongly biased if the lag truncation, k, is small because the residuals of the test equation are serially correlated. In order to select the optimal value of k to account for the inverse non-linear dependence between the bias in the unit root coefficient and the selected value of k, and to avoid selecting an unnecessarily large value of k, Ng and Perron (2001) The modified Phillips-Perron test (MPP GLS ), which also uses GLS de-trended data and the MAIC to select the optimal truncation lag, is due to Phillips and Perron (1988) , Perron and Ng (1996) and Ng and Perron (2001 Pará (LTO) is still non-stationary. Unit root tests were also applied to the monthly data that were seasonally adjusted using the X11 method of the U.S. Census Bureau, but there were no significant quantitative changes to the results.
In view of these empirical results, the first differences in the logarithms of international tourist arrivals are used in estimating the models given below. This transformation was deemed preferable as it would guarantee that all the time series are stationary and also provide the rate of growth of international tourist arrivals to Amazonas, Pará, and the aggregate of the two states.
Conditional Mean and Conditional Volatility Models
The alternative time series models to be estimated for the conditional means of the monthly and annual international tourist arrivals, as well as their conditional volatilities, are discussed below. As Figure 2 illustrates, the growth rates of international tourist arrivals to Amazonas, Pará and the total of the two states show periods of high volatility followed by others of relatively low volatility. One implication of this behavior is that the assumption of homoskedastic residuals is inappropriate. In this case, in order to forecast the international tourist arrivals (or their growth rates, as appropriate), it is necessary also to forecast their conditional variances.
Time-varying conditional variances can be explained empirically through the autoregressive conditional heteroskedasticity (ARCH) model, which was proposed by Engle (1982) . When the time-varying conditional variance has autoregressive and moving average components, this leads to the generalized ARCH(p,q), or GARCH(p,q), model of Bollerslev (1986) . The lag structure of the appropriate GARCH model can be chosen by information criteria, such as those of Akaike and Schwarz, although it is very common to impose a GARCH(1,1) specification in advance. In the selected conditional volatility model, the residual series should follow a white noise process. Li et al. (2002) provide an extensive review of recent theoretical results for univariate and multivariate In equations (1) and (2), the parameters are typically estimated by the maximum likelihood method to obtain Quasi-Maximum Likelihood Estimators (QMLE) in the absence of normality of t η . The QMLE is efficient only if t η is normal, in which case it is the MLE. When t η is not normal, adaptive estimation can be used to obtain efficient estimators. Ling and McAleer (2003b) investigate the properties of adaptive estimators for univariate non-stationary ARMA models with GARCH(r,s) errors. Ling and McAleer (2003a) showed that the QMLE for GARCH(p,q) is consistent if the second moment of t ε is finite. For GARCH(p,q), Ling and Li (1997) demonstrated that the local QMLE is asymptotically normal if the fourth moment of t ε is finite, while Ling and McAleer (2003a) proved that the global QMLE is asymptotically normal if the sixth moment of t ε is finite. Using results from Ling and Li (1997) and McAleer (2002a, 2002b) , the necessary and sufficient condition for the existence of the second moment of t ε for GARCH(1,1) is 1 < + β α and, under normality, the necessary and sufficient condition for the existence of the fourth moment 
Estimates of Models
The empirical results for the estimated models, which are obtained using the econometric software package package EViews 5.0, are reported in Table 3 . For the monthly growth rate of international tourist arrivals to Amazonas, all the estimated coefficients are statistically significant at the 5% level. The AR (12) The estimated model for the monthly growth rate of international tourist arrivals to Pará presented some coefficients that were not statistically significant. Specifically, the constant and the GARCH(1) term were not statistically different at the 5% level.
The AR(1) coefficient was negative and close to zero, indicating a convergent process.
The GARCH(1,1) coefficients, however, suggest a very high persistence of shocks to being quite small and insignificant at 0.07. The LM diagnostic test indicates that the model is well specified for the selected GARCH terms.
The estimated model for the total of international tourist arrivals to the Amazonas and Pará states shows that all the estimated coefficients, except for the constant, are statistically significant. This time series is also convergent, given the estimated AR(1) coefficient of 0.44, which is far inside the unit circle. The estimates of the GARCH(1,1) model imply that the persistence of shocks decays very slowly for the growth rate of the aggregate monthly data, with the short run persistence being small, though statistically significant. The GARCH(1,1) coefficients indicate that the persistence of shocks to Pará holds in both the short and long run, and the results for the LM test suggest that the model is well specified. As for Amazonas, there is a strong negative MA coefficient for the aggregated series. Moreover, the second and fourth moment restrictions are satisfied for the aggregates series, as for Amazonas, so the QMLE are consistent and asymptotically normal, so that standard statistical inference is valid.
For the annual data, it is interesting to note that there are no GARCH effects for any of the three time series. This is in accordance with Figure 3 , where the annual growth rates of international tourist arrivals show a reasonably constant variance throughout much of the sample period. The LM tests for the estimated ARMA models indicate that there is no ARCH(1) or ARCH(2) effects in the estimated residuals. Thus, the conditional variance of the residuals is constant over the period. In addition, the estimated AR(1) coefficients are inside the unit circle, implying that the annual growth rates are convergent.
Forecasts of Monthly and Annual International Tourist Arrivals
The previous models were used to forecast international tourist arrivals for Amazonas, Pará, and the aggregate of the two states at both the monthly and annual frequencies for Table 4 . Four observations are pertinent. First, the annual aggregates of the monthly forecasts are less than the annual forecasts from the corresponding annual models, especially for Pará (specifically, 13,522 < 14,115; 13,123 < 17,881; and 29,280 < 29,907) . Second, the total annual forecast from the monthly models is greater than the aggregate of the annual The forecasts for 2007 are shown in Table 5 . As in the case of the forecasts for 2006, four observations are useful. First, unlike the case for 2006, the annual aggregates of the monthly forecasts are greater than the annual forecasts from the corresponding annual models, for Amazonas and the total for the two states (specifically, 14,061 > 13,852; 12,362 < 17,425; and 29,808 28,804) . Second, as for 2006, the total annual forecast from the monthly models is greater than the aggregate of the annual forecasts for the monthly models for Amazonas and Pará (namely, 29,808 > 14,061 + 12,362) .
Third, as in the case of 2006, the total annual forecast from the annual model is less than the sum of the annual forecasts for the annual models for Amazonas and Pará (namely, 28, 804 < 13, 852 + 17, 425) . 
Concluding Remarks
The paper modelled and forecasted sustainable international tourism demand for the Brazilian Amazon rainforest, which is one of the world's greatest natural wonders and holds great importance and significance for the world's environmental balance. In terms of fresh water volume, the Amazon River is by far the world's biggest, and the biodiversity in the Amazon region is one of the world's richest. The total extension of the Amazon rainforest is about 7 million square kilometers, and is distributed across These observations point to the need for a much wider development of the sustainable tourist industry in the Amazon rainforest region.
In terms of the extant literature, this paper may be seen as a precursor for future analyses of sustainable tourism in the wider Amazon rainforest region as there would seem to be no previous research that has modelled and forecasted international tourist arrivals to the Amazon rainforest using reliable monthly time series data. Future research will investigate international tourism demand to the non-Brazilian Amazon, including the Peruvian Amazon and the Pantanal in Brazil. GLS and MPP GLS at the 5% significance level are -2.93 and -17.3, respectively, when Z={1,t} and -1.94 and -8.1 when Z={1}. At the 10% significance level, the critical values are -2.57 and -14.2, respectively, when Z={1,t} and -1.62 and -5.7 when Z={1}. ** denotes the null hypothesis of a unit root is rejected at the 5% significance level. * denotes the null hypothesis of a unit root is rejected at the 10% significance level. 
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Notes: DLAM, DLPA, and DLTO denote the log-differences, or growth rates, of international tourist arrivals to Amazonas, Pará and Total, respectively. The numbers in parentheses are standard errors. The numbers in brackets are p-values. LM(1) and LM(2) are the Lagrange multiplier diagnostic tests for ARCH(1) and ARCH(2) residuals, respectively.
